Identification of the different intermediates in the interaction of (A)BC excinuclease with its substrates by DNase I footprinting on two uniquely modified oligonucleotides.
(A)BC excinuclease is the enzymatic activity resulting from the joint actions of UvrA, UvrB and UvrC proteins of Escherichia coli. The enzyme removes from DNA many types of adducts of dissimilar structures with different efficiencies. To understand the mechanism of substrate recognition and the basis of enzyme specificity, we investigated the interactions of the three subunits with two synthetic substrates, one containing a psoralen-thymine monoadduct and the other a thymine dimer. Using DNase I as a probe, we found that UvrA makes a 33 base-pair footprint around the psoralen-thymine adduct and that UvrA-UvrB make a 45 base-pair asymmetric footprint characterized by a hypersensitive site 11 nucleotides 5' to the adduct and protection mostly on the 3' side of the damage. Conditions that favor dissociation of UvrA from the UvrA-UvrB-DNA complex, such as addition of excess undamaged DNA to the reaction mixture, resulted in the formation of a 19 base-pair UvrB footprint. In contrast, a thymine dimer in a similar sequence context failed to elicit a UvrA, a UvrA-UvrB or UvrB footprint and gave rise to a relatively weak DNase I hypersensitive site typical of a UvrA-UvrB complex. Dissociation of UvrA from the UvrA-UvrB-DNA complex stimulated the rate of incision of both substrates upon addition of UvrC, leading us to conclude that UvrA is not a part of the incision complex and that it actually interferes with incision. The extent of incision of the two substrates upon addition of UvrC (70% for the psoralen adduct and 20% for the thymine dimer) was proportional to the extent of formation of the UvrA-UvrB-DNA (i.e. UvrB-DNA) complex, indicating that substrate discrimination occurs at the preincision step.